O ne of the least understood aspects of protein synthesis is communication between the ribosome and the nascent peptide. Chiba et al. (1) in this issue of PNAS reveal that, at least in some cases, these dialogues can be species-specific.
The ribosome assembles amino acids into proteins in the peptidyl transferase center (PTC) located at the interface side of the large ribosomal subunit. On its way out, the nascent peptide passes through the exit tunnel. This ∼100-Å-long and 10-to 20-Å-wide irregularly shaped vent spans the entire body of the subunit. The tunnel is not just a hole but rather a functionally important compartment where the structure of the nascent peptide is monitored and from which specific peptides can signal the ribosome to slow down its rate of elongation or even completely stop translation. The bestcharacterized manifestation of this feedback mechanism is nascent peptidedependent ribosome stalling when the PTC becomes incapacitated after having polymerized the effector (stalling) domain of the regulatory nascent peptide. Such programmed translation arrest is sensitive to the cellular environment and therefore, can be used for control of gene expression. A number of genes regulated on the basis of nascent peptide recognition have been identified in bacteria and eukaryotes (2) .
Despite the generally conserved nature of the ribosome, the fine structure of the exit tunnel exhibits considerable variations. Nearly 20% of rRNA nucleotides forming the exit tunnel differ between Gram-negative and Gram-positive bacteria (Fig. 1B) . The variation in tunnel properties can be further influenced by the idiosyncratic posttranscriptional rRNA modifications and the divergence of tunnel proteins. These differences may affect the overall shape of the tunnel (Fig. 1C) as well as its chemical characteristics (polarity, pattern of hydrogen donors and acceptors, electrostatics, etc.) (3, 4) , and thus, they may alter functional interactions of the ribosome with the protein being synthesized.
Significant progress has been achieved in recent years in elucidating the mechanism of translation modulation by the nascent peptide. Sequences critical for stalling have been characterized for several regulatory peptides (5) (6) (7) (8) , a number of rRNA and protein residues at the walls of the exit tunnel that are involved in nascent peptide recognition and triggering of the ribosomal response have been mapped (6, 7, 9) , and cryo-EM structures of stalled ribosome complexes are starting to emerge (10, 11) . Nevertheless, very little is still known about the principles of nascent peptide-ribosome communication. Chiba et al. (1) illuminate an important aspect of the operation of this mechanism: the specificity of the ribosome to recognition of the stalling peptide.
Chiba et al. (1) examine programmed translation arrest induced by the regulatory proteins SecM and MifM found in Escherichia coli and Bacillus subtilis, respectively. In Gram-negative E. coli, nascent peptide-dependent ribosome stalling at the secM ORF activates translation of the downstream gene-encoding protein export chaperon SecA (7) . Translation arrest at the mifM ORF in Gram-positive B. subtilis leads to activation of expression of an alternative membrane biogenesis factor YidC2 (12) . Although SecM and MifM peptides elicit the same ribosomal response-programmed translation arrest-they do not share any obvious homology. By using a cell-free translation system driven by either E. coli or B. subtilis ribosomes, Chiba et al. (1) were able to show that the B. subtilis MifM nascent peptide prompts stalling of the B. subtilis ribosome but not of the foreign E. coli ribosome. Conversely, the SecM nascent peptide, which efficiently arrests progression of the homologous E. coli ribosome, fails to do so when translated by heterologous ribosomes from B. subtilis (Fig. 1A) . Thus, it seems that SecM and MifM stalling domains have been evolutionarily optimized to operate specifically with their cognate ribosome. Translation arrest directed by SecM and MifM peptides is influenced by dissimilar factorsthe activity of the secretion apparatus in the former case and membrane insertion in the latter case. However, Chiba et al. (1) were able to dissociate ribosome stalling from the peptide's sensory properties. By replacing the N terminus of MifM with a secreted signal sequence, Chiba et al. (1) converted MifM into a secretion sensor, thereby showing that the arrest domain operates independently of the peptide's sensory domain.
Stalling peptides, even those that operate in the same species, can be fine-tuned to exploit different sets of sensors in the exit tunnel (10, 13, 14) . Even small alterations in the structure of the peptide or the ribosome can disrupt their functional communication. Not surprisingly, the closer-related that the species are, the higher the chance that the nascent peptide can overcome the language barrier in talking to a noncognate ribosome. Thus, the E. coli ribosome that does not understand the stalling message encoded in the MifM peptide from Gram-positive B. subtilis can nevertheless properly respond to stalling peptides from closely related Gram-negative bacteria (15, 16) . Remarkably, however, some stalling peptides have apparently evolved to be truly multilingual and are able to communicate even with evolutionarily distant ribosomes. Vivid examples are the peptides that, through nascent peptide-dependent ribosome stalling, control inducible antibiotic resistance. Resistance to antibiotics is a trait that is often disseminated by horizontal gene transfer. A stalling peptide Many proteins could have been optimized for proper translation specifically by their cognate ribosome.
that can properly direct translation arrest in a variety of species would have an evolutionary advantage over a species-specific regulator, because it would be more often retained in a new bacterial host in need of protection from the antibiotic. Indeed, nascent peptides that control inducible antibiotic resistance can efficiently stall ribosomes from evolutionarily distant Gram-positive and Gram-negative bacteria (6, 13, 17) . The stalling nascent peptides found in eukaryotic cells also seem to be rather cosmopolitan in their nature: fungal arginine attenuator peptide and a regulatory peptide from human cytomegalovirus can efficiently stall plant ribosome from wheat (Triticum aestivum) (11, 18, 19) . The intricate communication network within the ribosomal tunnel allows for nascent peptides to "choose" how private or universal their message to the ribosome is going to be. Which structural features of the peptide and the ribosome account for their specific functional interactions? Although cryo-EM studies have provided important insights (10, 11) , the resolution is not sufficient to confidently identify specific molecular and atomic contacts. Additionally, we are still awaiting high-resolution crystallographic structures of ribosomenascent peptide complexes. However, the availability of the two specific ribosomenascent peptide pairs uncovered by Chiba et al. (1) opens the attractive possibility of addressing this question through biochemistry and genetics. One can explore which of the MifM amino acid residues need to be changed to make the peptide recognizable by the E. coli ribosome and what changes need to be introduced in SecM so that it can stall the ribosome from B. subtilis. Conversely, it would be interesting to test what needs to be changed in the ribosome to allow recognition of a stalling domain in the foreign peptide.
Prolonged ribosome stalling is an extreme case of possibly many scenarios of retro-regulation of translation by the peptide from within the ribosome exit tunnel. Functionally meaningful interactions between the ribosome and nascent peptides may decrease the translation elongation rate to facilitate protein folding, interactions with chaperons, or secretion. Conversely, a nascent peptideinduced increased rate of elongation can help avoid unwanted interactions of incomplete translation products with the cellular environment. The findings of Chiba et al. (1) imply that many proteins could have been optimized for proper translation specifically by their cognate ribosome. We are only starting to understand the language that the ribosome and the nascent peptide speak to each other. Eavesdropping on their conversations can reveal many exciting mysteries.
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